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ά͕ෆՄܽͰ͋Δɽͦ͜ͰɼຊڀݚͰ͸ϚςϦΞϧϓϦϯλʔ (Fujifilm dimatix ࣾɹDMP-2850)




Λද 3.1ʹɼbRͷ੒ບʹ͓͍ͯௐ੔͢Δ΂͖ύϥϝʔλʔΛද ɽ1ࣔ͢ʹ3.2 pLΧʔτϦοδʹ
ΑΔ bRͷ੒ບͰ͸ɼӷణͷס૩աఔͰཻ͕ࢠ෵ʹू·Γɼԁ؀ঢ়ͷബບ͕ܗ੒͞ΕΔ [34]ɽ͜Ε
͸ɼίʔώʔϦϯάݱ৅΍ֹԑݱ৅ͱΑ͹ΕɼణԼ͞Εͨӷ͕֎ଆ͔Βס૩͢ΔͨΊɼ֎ଆʹ޲





























ఆ৚݅ͱͯ͠࢑ bRݒ୙ӷͷుग़৚݅Λද 3.3ͷΑ͏ʹܾఆ͠ɼӷణ 1ణ͕ܗ੒͢Δύλʔϯͷ௚
ɼΧʔτϦοδʹॆరͨ͠ɽ·ͨɼDropޙ୙ͨ͠ݒʹΛଌఆͨ͠ɽBRΛ७ਫʹे෼ܘ watcher(ు
ग़ঢ়ଶΛ֬ೝ͢ΔΧϝϥ)ʹΑͬͯ bRݒ୙ӷ͕εϜʔζʹుग़͞Ε͍ͯΔ༷ࢠΛ֬ೝͨ͠ɽ੒ບ
ʹޙ Fiducial Camera(ϓϦϯλʔͷඋ͑෇͚ͷΧϝϥ)Ͱ֬ೝͨ͠ͱ͖ͷঢ়ଶΛਤ ɽࣔ͜͢ʹ3.2
ͷ৚݅Ͱ͸த৺෦෼ͷບް͕ฏۉ 8.6 nmɼԑͷບް͕ฏۉ 53 nmͰ͋ͬͨɽ·ͨɼບͷ௚ܘ͸ฏ
ۉ 61.0 µmͰ͋ͬͨɽ͜ͷஈ֊ͰίʔώʔϦϯάݱ৅͕ൃੜ͍ͯ͠Δ͜ͱΛ֬ೝͨ͠ɽ
ද 3.3ɹ 10 pLΧʔτϦοδʹΑΔ੒ບͷ࢑ఆ৚݅
ύϥϝʔλʔ ઃఆ ύϥϝʔλʔ ઃఆ
ΧʔτϦοδͷ༰ྔ 10 ϊζϧԹ౓ [ˆ] R.T.
ӷణִؒ [µm] 100 ϝχεΧεόΩϡʔϜ [psi] 4.0
ుग़ϊζϧ਺ 1 ϔου͞ߴ [µm] 1500
ుग़ిѹ [V] 30 ୙ӷೱ౓ݒ [mg/mL] 4.0
ుग़प೾਺ [kHz] 2 ൘UVO3ॲཧج [min] 35
ϓϥςϯԹ౓ [ˆ] R.T.
ਤ 3.2ɹ 10 pLϔουΛ༻͍ͨ bRݒ୙ӷͷణԼঢ়ଶ (ణԼִؒ 100 µm)
͜ͷ݁ՌΛ΋ͱʹɼణԼִؒΛ 45∼70 µmͱͯ͠ॎ 3 pixel෼ͷύλʔϯΛ੒ບ͠ɼບް͓Αͼ
෯Λଌఆͨ͠ɽບް͸৮਑ࣜஈࠩܭ DEKTAKΛ༻͍ͯଌఆ͠ɼ3Օॴͷଌఆ݁ՌΛฏٻͯ͠ۉ











ਤ 3.3ɹణԼִؒΛม͑ͨͱ͖ͷ 3ϥΠϯ੒ບঢ়ଶɽణԼִؒ͸ͦΕͧΕ (a) 45 µmɽ(b) 50 µmɽ
(c) 55 µmɽ(d) 60 µmɽ(e) 65 µmɽ(f) 70 µmɽ
10
ද 3.4ɹ bRݒ୙ӷΛ 10 pLϔουͰ 3ϥΠϯ૸ࠪͨ͠ͱ͖ͷບް͓ΑͼϥΠϯ෯
ణԼִؒ [µm] த৺෦෼ͷບް [nm] पล෦෼ͷບް [nm] ϥΠϯ෯ (3ຊ෼) [µm]
45 13.1 73.9 172
50 12.5 67.2 178
55 11.7 60.5 191
60 10.7 56.8 195
65 11.8 56.3 196




੒ບ৚݅Λද ɽ੒ບύλʔϯ͸ಉ༷ʹॎࣔ͢ʹ3.5 3 pixel෼ͱͨ͠ɽFiducial CameraʹΑΔද








ද 3.5ɹ 10 pLΧʔτϦοδʹΑΔ੒ບ৚݅
ύϥϝʔλʔ ઃఆ ύϥϝʔλʔ ઃఆ
ΧʔτϦοδͷ༰ྔ 10 ϊζϧԹ౓ [ˆ] R.T.
ӷణִؒ [µm] 55 ϝχεΧεόΩϡʔϜ [psi] 4.0
ుग़ϊζϧ਺ 1 ϔου͞ߴ [µm] 1500
ుग़ిѹ [V] 30 ୙ӷೱ౓ݒ [mg/mL] 4.0
ుग़प೾਺ [kHz] 2 ൘UVO3ॲཧج [min] 35




ਤ 3.4ɹϓϥςϯԹ౓Λม͑ͨͱ͖ͷ 3ϥΠϯ੒ບঢ়ଶɽϓϥςϯԹ౓͸ͦΕͧΕ (a) 30 ◦Cɽ(b)



























ม͑Δඞཁ͕͋Δɽ͜͜Ͱ͸ɼుग़ిѹΛʹ࣌୙ӷೱ౓ͱుग़ిѹΛಉݒ 15 ∼ 40 Vɼݒ୙ӷೱ









౓͸ͲͪΒ΋ 30 Vɼ6.0 mg/mLͰ͋ͬͨɽ






ද 3.6ɹ 10 pLΧʔτϦοδʹΑΔ੒ບ৚݅
ύϥϝʔλʔ ઃఆ ύϥϝʔλʔ ઃఆ
ΧʔτϦοδͷ༰ྔ 10 ϊζϧԹ౓ [ˆ] R.T.
ӷణִؒ [µm] 55 ϝχεΧεόΩϡʔϜ [psi] 4.0
ుग़ϊζϧ਺ 1 ϔου͞ߴ [µm] 1500
ుग़ిѹ [V] 15 ∼ 40 ୙ӷೱ౓ݒ [mg/mL] 2.0 ∼ 8.0





















































































































































































রࣹଆͷ ITOిۃ෇ۙͰ pH͕ݮগ͢ΔɽͦΕΛิ͢׬ΔͨΊʹޫরࣹଆͷ ITOʹిྲྀ͕ࢠΕɼ
ୈ࣍ɼ͠߅Έ͕፰ࠐɼޫরࣹΛଓ͚Δͱϓϩτϯͷ์ग़ͱऔΓޙਖ਼ͷిྲྀ͕ྲྀΕΔɽͦͷʹؒۃి
ʹग़ྗ͕ݮগ͢ΔͨΊɼඍ෼Ԡ౴͕؍ଌͰ͖Δɽফ౮࣌ʹ͸ٯͷݱ৅͕͜ىΔɽ͜ͷඍ෼Ԡ౴ͷ
ग़ྗৼ෯͸ ITOΨϥεʹ੒ບ͢Δ bRບްʹґଘ͢ΔͨΊɼΠϯΫδΣοτ bRບΛ 1૚ͣͭੵ
૚ͨ͠ͱ͖ͷޫిྲྀग़ྗΛଌఆ͢ΔɽBR͸ยํͷ ITOΨϥεʹ 10 mmํ࢛ʹ੒ບ͢Δɽεϖʔ
αʔ͸಺ܘ 25 mmɼް͞ 2 mmͰ͋Δɽ಺෦ʹ෧ೖͨ͠ిղ༹࣭ӷ͸KCl 500 mmol/LɼHEPES
0.2 mmol/LɼpH8.2ͱͨ͠ɽ·ͨɼଌఆޫֶܥΛਤ ੡͢ΔϑΟϧλʔΛΞφ࡞ʹޙɽࣔ͢ʹ3.10
ϩάը૾ॲཧʹద༻͢ΔͨΊɼ೚ҙͷը૾Λ౤ӨͰ͖ΔϓϩδΣΫλʔΛޫݯͱͯ͠༻͍Δɽ౤






































































































































































४ภࠩΛײ౓ͱ൒஋શ෯ͷόϥϯε͕ྑ࠷ͷ σi/σe = 1.6ͱ͢Δ [40]ɽ࣍ʹɼڵฃྖҬ෯͕ 5 mm
ͱͳΔΑ͏ʹ σe=1.4235ɼσi=2.2776ͱ͠ɼڵฃྖҬͷମੵΛ 2஋ԽલޙͰҰఆͱͳΔΑ͏ʹڵ
ฃྖҬͷײ౓Λܾఆ͢Δɽޙ࠷ʹɼ཈੍ྖҬ෯Λ 15 mmͱ͠ɼ྆ྖҬͷମੵ (=શମͷײ౓)͕፰
ฃྖҬڵͨ͠ܭ౓Λܾఆ͢Δɽ͜ͷΑ͏ʹͯ͠ઃײΔΑ͏ʹ཈੍ྖҬͷ͢߅ 5 mmɼ཈੍ྖҬ 15
mmͷ 2஋ԽDOGؔ਺͓ΑͼɼΦϦδφϧDOGؔ਺ͷۭؒྖҬɼۭؒप೾਺ྖҬͷ݁ࢉܭՌΛ
ਤ ɽࣔ͢ʹ3.14
σΟοϓίʔςΟϯά๏Ͱ࡞੡͢Δ 2஋Խ DOGϑΟϧλʔ͸ɼ2ຕͷ ITOΨϥεʹ bRΛ੒
ບ͠ɼbRΛ 2஋Խؔ਺ʹ͕ͨͬͯ͠ύλʔχϯά͢ΔɽڵฃྖҬɼ཈੍ྖҬͷ bRບް͸ͦΕͧ
Ε 145 nmɼ110 nmͰ͋Δɽ཈੍ྖҬʹωΨϑΟϧϜΛషΓ෇͚ͯɼग़ྗΛ፰ͤ͞߅ΔɽΠϯΫ
δΣοτ๏ͱσΟοϓίʔςΟϯά๏ͰϑΟϧλʔಛੑΛൺֱ͢ΔͨΊʹɼ֤ྖҬͷບްɼύλʔ
χϯάܗঢ়Λಉ͡ʹͨ͠ɽਤ 3.8ΑΓɼڵฃྖҬͷੵ૚਺Λ 5૚ɼ཈੍ྖҬͷບްΛ 4૚ͱ͠ɼͦ
ΕͧΕ 152 nmɼ104 nmͰ͋Δɽਤ 3.15ʹ 2஋ԽDOGϑΟϧλʔͷߏ଄Λࣔ͢ɽ
18
੡ͨ͠࡞ 2஋ԽDOGϑΟϧλʔͷग़ྗಛੑΛධՁͨ͠ɽڵฃྖҬɼωΨϑΟϧϜΛషͬͯ፰߅















































































































































্ཱ͕ͪΓؒ࣌ ؒ࣌ਰݮ ্ཱ͕ͪΓؒ࣌ ؒ࣌ਰݮ
[ms] [ms] [ms] [ms]
ΠϯΫδΣοτ๏ ฃྖҬڵ 39 213 40 216
཈੍ྖҬ 35 176 39 168
σΟοϓίʔτ๏ [33] ฃྖҬڵ 27 154 29 174





fmov(x, y, t) = L{1 + C[sin 2π(βx− ft)]} = L{1 + C[sin 2πβ(x− vt)]} (3.2)
ͷࣜͰද͞Εɼfmov͸ؒ࣌प೾਺ɼβ͸ۭؒप೾਺ɼv͸૸ࠪ଎౓ɼC͸ίϯτϥετɼL͸ฏۉ
Δɽ͜͜Ͱɼv͸͍ͯࣔ͠౓ΛͦΕͧΕڧޫ






ͷࣜͰͨ͠ࢉܭɽίϯτϥετ 90%Ͱͷฏڧޫۉ౓ 23.2 mW/cm2Ͱ͋ͬͨɽ͸͡Ίʹɼਖ਼ݭ೾֨
प೾਺Λؒ࣌ը૾ͷࢠ 1ɼ3ɼ5ɼ8 Hzʹݻఆ͠ɼۭؒप೾਺Λม͑ͯਖ਼ݭ೾֨ࢠը૾ΛϓϩδΣΫ






































































































































2β2 {(αβ + ω2)2 − (αω − βω)2}




प೾਺͸ؒ࣌ɽΠϯΫδΣοτ๏ͰͷϐʔΫࣔ͢ 4 HzͱͳΓɼDifference of Gammaؔ਺ͷϑʔ































































ྖҬ෯Λ 15 mmʹͨ͠ [40]ɽײ౓͕ n஋͋Δଟ஋ԽDOGؔ਺Λ࡞੡͢ΔͨΊɼDOGؔ਺ͷײ
౓Λ n౳෼͢Δɽ࣍ʹɼଟ஋Խ DOGؔ਺ͷ i஋໨ͷ෯Λ DOGؔ਺ͷ (i-1)஋໨ͷ෯ʹͳΔΑ͏
ʹઃఆ͢Δɽྫͱͯ͠ɼ͜ͷΑ͏ʹͯ͠ઃڵͨ͠ܭฃྖҬ 7૚ɼ཈੍ྖҬ 1૚ͷଟ஋ԽDOGؔ਺








































































































































































































































Layer number of inhibitory region
(b)
















ύϥϝʔλʔ ઃఆ ύϥϝʔλʔ ઃఆ
ΧʔτϦοδͷ༰ྔ 1 ϊζϧԹ౓ [ˆ] R.T.
ӷణִؒ [µm] 30 ϝχεΧεόΩϡʔϜ [psi] 4.0
ుग़ϊζϧ਺ 1 ϔου͞ߴ [µm] 1500
ుग़ిѹ [V] 25 ୙ӷೱ౓ݒ [mg/mL] 4.0

























































































































• HEPES: 2-[4-(2-Hydroxyethyl)-1-piperazinyl]ethanesulfonic acid (ಉਔԽֶڀݚॴ)
෼ࣜࢠ : C8H18N2O4Sɼ෼ྔࢠ : 238.31.
pKa7.55ɼpH6.8∼8.8 ͷ؇িӷ࡞੡ʹద͢Δ.άουόοϑΝʔͷͻͱͭͰ͋Γɼਫ༹ӷʹ
Α༹͚͘Δ.௕ؒ࣌ͷޫ๫࿐ʹΑͬͯաࢎԽਫૉʹ༝དྷ͢ΔಟੑΛੜ͡Δ [43].
• Tricine: N-[Tris(hydroxymethyl)methyl]glycine (ಉਔԽֶڀݚॴ)
෼ࣜࢠ : C6H13NO5ɼ෼ྔࢠ : 179.17.
pKa8.15ɼpH7.8∼8.8ͷ؇িӷ࡞੡ʹద͢Δ.άουόοϑΝʔͷͻͱͭͰ͋Γɼਫ༹ӷʹ


























































































































































ਤ 4.10ɹ (a) Tricineೱ౓ 0.05 mmol/LɽΞϯμʔγϡʔτɼΦʔόʔγϡʔτ͕؍ଌ͞Εͳ͍





mmol/Lɼ0.2 mmol/Lͷ 2छྨͷଟ஋ԽDOGϑΟϧλʔΛ࡞੡͠ɼͦ ΕͧΕग़ྗଌఆΛͨ͠ɽͦ








































































ਤ 4.12ɹ Tricineೱ౓ 0.05 mMͷଟ஋ԽDOGϑΟϧλʔͷग़ྗɽ(a)ڵฃྖҬɽ(b)཈੍ྖҬɽ
(c)શ໘ɽ
ද 4.2ɹ Tricineೱ౓ 0.05 mMͷଟ஋ԽDOGϑΟϧλʔͷԠ౴଎౓
OnԠ౴ OffԠ౴
্ཱ͕ͪΓؒ࣌ [ms] ؒ࣌ਰݮ [ms] ্ཱ͕ͪΓؒ࣌ [ms] ؒ࣌ਰݮ [ms]
ฃྖҬڵ 32.5 136 33.7 158

































































ਤ 4.13ɹ Tricineೱ౓ 0.2 mMͷଟ஋Խ DOGϑΟϧλʔͷग़ྗɽ(a)ڵฃྖҬɽ(b)཈੍ྖҬɽ
(c)શ໘ɽ
ද 4.3ɹ Tricineೱ౓ 0.2 mMͷଟ஋ԽDOGϑΟϧλʔͷԠ౴଎౓
OnԠ౴ OffԠ౴
্ཱ͕ͪΓؒ࣌ [ms] ؒ࣌ਰݮ [ms] ্ཱ͕ͪΓؒ࣌ [ms] ؒ࣌ਰݮ [ms]
ฃྖҬڵ 31.3 116 33.7 116
཈੍ྖҬ 28.8 116 28.8 121









































͠ɼpeak to peakग़ྗΛه࿥ͨ͠ɽTricineೱ౓ 0.05 mmol/LͰ࡞੡ͨ͠ଟ஋ԽDOGϑΟϧλʔ












































































































































ਤ 4.16ɹ Tricineೱ౓ 0.2 mMͷଟ஋Խ DOGϑΟϧλʔͷۭؒप೾਺ಛੑɽ(a)࣮ଌ஋ɽ(b)ਖ਼
Խάϥϑɽن
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ਤ 4.17ɹಈతਖ਼ݭ೾֨ࢠΛೖྗͨ͠ͱ͖ͷۭؒप೾਺ಛੑɽaɼbͷ ◦͸ܹࢗप೾਺ 4 HzͰͷω
ίͷ໢ບਆܦઅࡉ๔ͷԠ౴Ͱ͋Γɼa͸Xࡉܕ๔ɼb͸Yࡉܕ๔ͷԠ౴Ͱ͋Δ [26]ɽaɼbͷ×͸
RichterΒͷࢉܭϞσϧʹΑΔϑΟοςΟϯά݁ՌͰ͋Δ [22]ɽc͸ଟ஋ԽDOGϑΟϧλʔͷۭ




ଟ஋Խ DOGϑΟϧλʔͷडޫ෦ʹۭؒप೾਺ҰఆͰਖ਼ݭ೾֨ࢠը૾Λ૸ࠪ͠ɼpeak to peak
ग़ྗΛه࿥ͨ͠ɽTricineೱ౓ 0.05 mmol/LͰ࡞੡ͨ͠ଟ஋ԽDOGϑΟϧλʔͷؒ࣌प೾਺ಛੑ




of Gammaؔ਺ͷ܎਺Ͱ͋Δ αɼβ͸ͦΕͧΕද 4.4ͷΑ͏ʹͳ͓ͬͯΓɼେ͖ͳ͕ࠩͳ͔ͬͨͨ



















































































































ਤ 4.19ɹ Tricineೱ౓ 0.2 mMͷଟ஋Խ DOGϑΟϧλʔͷۭؒप೾਺ಛੑɽ(a)࣮ଌ஋ɽ(b)ਖ਼
Խάϥϑɽن
ද 4.4ɹDifference of Gammaؔ਺ͷ܎਺ α,β




































































v = f/β (4.1)
ʹ୅ೖ͔ͯ֬͠ΊΒΕΔɽ·ͨɼ૸ࠪ଎౓ʹରͯ͠ϐʔΫग़ྗ͓ΑͼɼϐʔΫۭؒप೾਺ʹґଘ










































































































































































































































































































































ը૾ॲཧʹΑ͘ར༻͞ΕΔ Lennaͷը૾Ͱ͋ΔɽຊઅͰ͸ը૾ͷղ૾౓͸͢΂ͯ 512 pixel×512
pixelͰ͋Γɼ֦େ཰ 0.10 mm/pixelͱͨ͠ɽͭ·Γɼ౤Ө͞Εͨը૾͸ϑΟϧλʔͷडޫ໘͕͋
Δڑ཭ʹ͓͍ͯ 51.2 mm×51.2 mmͱͳΔɽ͜ͷը૾ΛϑΟϧλʔʹର͔ͯ͠ࠨΒӈʹ૸ࠪ͢Δɽ
ॎํ޲ͷଌఆִؒΛ 1 mmͱͯ͠ը૾શମΛεΩϟϯ͠ɼಘΒΕͨग़ྗ೾ܗͷ࠷େ஋Λനɼ࠷খ
஋Λࠇʹม͠׵ɼΞφϩάϑΟϧλʔʹΑΔ৞ΈࠐΈը૾Λ࡞੡͢Δɽͨͩ͠ɼϊΠζআڈͷͨ
















δ͕ਖ਼͘͠ݕग़͞Ε͍ͯΔ৔߹͸ΤϥʔͰ͋Δ EFP ͱ EFN ͕গͳ͍ͨΊɼP͸ 1ʹۙͮ͘ɽ·
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EFP ΍EFN ͕গͳ͍৔߹ɼFFPɼFFN ͸ 0ʹۙͮ͘ɽ
͸͡Ίʹɼ֦େ཰ 0.10 mm/pixelͷೖྗը૾Λ଎౓ 20ɼ50ɼ80 mm/sͰ૸ࠪͨ͠ɽϦϑΝϨϯ
εը૾Λਤ 5.1ʹɼଟ஋Խ DOGϑΟϧλʔʹΑΔग़ྗը૾Λਤ 5.2ʹɼΤοδݕग़݁ՌΛਤ 5.3
ʹͦΕͧΕࣔ͢ɽ·ͨɼϦϑΝϨϯεը૾ͱDOGؔ਺ͷ৞ΈࠐΈ݁ՌΛਤ 5.4ʹɼͦͷΤοδݕ





















ਤ 5.1ɹϓϩδΣΫλʔ͔Β౤Ө͞Εͨೖྗը૾ɽ૸ࠪ଎౓͸ͦΕͧΕ (a) 20mm/sɼ(b) 50 mm/sɼ
(c) 80 mm/sɽ
(a) (b) (c)
ਤ 5.2ɹଟ஋ԽDOGϑΟϧλʔʹΑΔग़ྗ݁Ռɽ૸ࠪ଎౓͸ͦΕͧΕ (a) 20mm/sɼ(b) 50 mm/sɼ
(c) 80 mm/sɽ
(a) (b) (c)
ਤ 5.3ɹଟ஋Խ DOGϑΟϧλʔʹΑΔΤοδݕग़݁Ռɽ૸ࠪ଎౓͸ͦΕͧΕ (a) 20mm/sɼ(b)
50 mm/sɼ(c) 80 mm/sɽ
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(a) (b) (c)
ਤ 5.4ɹϦϑΝϨϯεը૾ͱ DOGؔ਺ͷ৞ΈࠐΈ݁Ռɽ૸ࠪ଎౓͸ͦΕͧΕ (a) 20mm/sɼ(b)
50 mm/sɼ(c) 80 mm/sɽ
(a) (b) (c)
ਤ 5.5ɹϦϑΝϨϯεը૾ͷΤοδݕग़݁Ռɽ૸ࠪ଎౓͸ͦΕͧΕ (a) 20mm/sɼ(b) 50 mm/sɼ
(c) 80 mm/sɽ
(a) (b) (c)
ਤ 5.6ɹ 2஋Խ DOGϑΟϧλʔʹΑΔΤοδݕग़݁Ռɽ૸ࠪ଎౓͸ͦΕͧΕ (a) 20mm/sɼ(b)





20 mm/s 2.398 0.952 0.580
50 mm/s 2.932 0.867 0.488




20 mm/s 3.234 1.058 0.354
50 mm/s 1.763 0.458 0.186




20 mm/s 0.692 0.464 0.338
50 mm/s 0.755 0.484 0.352




20 mm/s 0.819 0.628 0.435
50 mm/s 0.714 0.459 0.335




20 mm/s 0.177 0.355 0.479
50 mm/s 0.142 0.357 0.492




20 mm/s 0.114 0.267 0.471
50 mm/s 0.190 0.434 0.592
80 mm/s 0.180 0.410 0.573
5.2 ग़ਫ਼౓ͷը૾αΠζґଘੑݕ
ೖྗը૾Λ 0.10ɼ0.20ɼ0.30 mm/pixelͱม͑ɼΤοδݕग़ੑೳΛൺֱͨ͠ɽ૸ࠪ଎౓͸લઅ
ͰಘΒΕͨ 50 mm/sͱͨ͠ɽϦϑΝϨϯεը૾Λਤ 5.7ʹɼଟ஋ԽDOGϑΟϧλʔʹΑΔग़ྗ
ը૾Λਤ 5.8ʹɼΤοδݕग़݁ՌΛਤ 5.9ʹͦΕͧΕࣔ͢ɽ·ͨɼϦϑΝϨϯεը૾ͱDOGؔ਺
ͷ৞ΈࠐΈ݁ՌΛਤ 5.10ʹɼͦͷΤοδݕग़݁ՌΛਤ ɽൺֱର৅ͱͯࣔ͢͠ʹ5.11 2஋ԽDOG
ϑΟϧλʔʹΑΔΤοδݕग़݁ՌΛਤ ग़ੑೳΛݕɽ·ͨɼΤοδࣔ͢ʹ5.12 2஋Խͱଟ஋ԽͰൺ









ਤ 5.7ɹϓϩδΣΫλʔ͔Β౤Ө͞Εͨೖྗը૾ɽը૾αΠζ͸ͦΕͧΕ (a) 0.10 mm/pixelɼ(b)
0.20 mm/pixelɼ(c) 0.30 mm/pixelɽ
(a) (b) (c)
ਤ 5.8ɹଟ஋ԽDOGϑΟϧλʔʹΑΔग़ྗ݁Ռɽը૾αΠζ͸ͦΕͧΕ (a) 0.10 mm/pixelɼ(b)
0.20 mm/pixelɼ(c) 0.30 mm/pixelɽ
(a) (b) (c)
ਤ 5.9ɹଟ஋ԽDOGϑΟϧλʔʹΑΔΤοδݕग़݁Ռɽը૾αΠζ͸ͦΕͧΕ (a) 0.10 mm/pixelɼ
(b) 0.20 mm/pixelɼ(c) 0.30 mm/pixelɽ
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(a) (b) (c)
ਤ 5.10 ɹϦϑΝϨϯεը૾ͱ DOG ؔ਺ͷ৞ΈࠐΈ݁Ռɽը૾αΠζ͸ͦΕͧΕ (a) 0.10
mm/pixelɼ(b) 0.20 mm/pixelɼ(c) 0.30 mm/pixelɽ
(a) (b) (c)
ਤ 5.11ɹϦϑΝϨϯεը૾ͷΤοδݕग़݁Ռɽ૸ը૾αΠζ͸ͦΕͧΕ (a) 0.10 mm/pixelɼ(b)
0.20 mm/pixelɼ(c) 0.30 mm/pixelɽ
(a) (b) (c)
ਤ 5.12ɹ2஋ԽDOGϑΟϧλʔʹΑΔΤοδݕग़݁Ռɽը૾αΠζ͸ͦΕͧΕ (a) 0.10 mm/pixelɼ





0.10 mm/pixel 2.932 0.867 0.488
0.20 mm/pixel 1.288 0.478 0.336




0.10 mm/pixel 1.762 0.458 0.186
0.20 mm/pixel 0.648 0.118 0.051




0.10 mm/pixel 0.754 0.484 0.352
0.20 mm/pixel 0.607 0.391 0.327




0.10 mm/pixel 0.714 0.459 0.335
0.20 mm/pixel 0.580 0.381 0.342
0.30 mm/pixel 0.532 0.383 0.323
ද 5.11ɹ 2஋Խ DOGϑΟϧλʔͷΤοδݕग़
ਫ਼౓ (P)
1% 3% 5%
0.10 mm/pixel 0.143 0.357 0.492
0.20 mm/pixel 0.261 0.472 0.549




0.10 mm/pixel 0.190 0.434 0.592
0.20 mm/pixel 0.330 0.577 0.637

































Rmax = 0.03x+ 2.02 (6.1)
Rmin = 0.034x+ 0.50 (6.2)
Ͱද͞ΕΔɽ͜͜Ͱɼx͸த৺ᜰ͔Βͷ཭৺཰Ͱ͋Δɽड༰໺શମͷ௚ܘ͸ (Rmax +Rmin)× 3/2
ͰਪଌͰ͖Δ͜ͱʹͳΔͨΊɼ໢ບਆܦઅࡉ๔ड༰໺ͷ௚ܘ͸͜ͷࣜΛ༻͍ܾͯఆͨ͠ɽ͜͜Ͱ͸
཭৺཰ 30 degʹ͓͚Δࢹࡨͷݱ࠶ΛࢼΈΔɽ཭৺཰ 30 degͰ͸ड༰໺ͷ௚ܘ͸ 6.66 degͰ͋Δɽ
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τϨϞΞ ස౓ߴ (90 Hzఔ౓)Ͱখৼ෯ (1 min of arc)ͷ͍͔ࡉӡಈ
υϦϑτ ௿଎౓ (∼6 min of arc / s)Ͱৼಈํ޲ͷ΄ͱΜͲ͕ਨ௚͔ਫฏํ޲ [53].
ϚΠΫϩαοέʔυ ଎౓ߴ (ฏۉ 18 deg/s)ͷ௓༂తӡಈͰৼಈํ޲͸ਨ௚͔ਫฏํ͕޲ଟ͍ɽৼ
෯ͷ࠷େ஋͸ 2 deg [54]ɽ
τϨϞΞ͸খৼ෯ͷͨΊৼಈͷ଎౓͕ଌఆ͞Ε͍ͯͳ͍ɽϚΠΫϩαοέʔυͷฏۉ଎౓͕ 18





















ೖྗը૾ͷେ͖͞͸ 102.4 mm×102.4 mmͱ͢Δɽೖྗը૾ͷӈ୺Λଟ஋Խ DOGϑΟϧλʔ
ͷத৺ʹ߹Θͤɼ૸ࠪ଎౓ 40 mm/sͰӈ͔Βࠨʹ૸ࠪ͠ɼͦͷޙɼೖྗը૾Λલճͷ૸ࠪ։࢝Ґ
ஔʹ໭ͯ͠Լʹ 1 mmͣΒ͔ͯ͠Β࠶౓૸ࠪ͠ɼը૾શମΛ૸ࠪ͢Δɽͦͷޙɼ৞ΈࠐΈ݁Ռͷ࠷
େ஋Λന (255)ɼ࠷খ஋Λࠇ (৭ௐ 0)ʹม͠׵ɼೖྗը૾Λӈ͔Βࠨʹ૸ࠪͨ͠ͱ͖ͷ৞ΈࠐΈը
૾Λ࡞੡͢Δ (ը૾ 1)ɽಘΒΕͨը૾ 1Λࠨӈ൓స͔ͯ͠ࠨΒӈʹ૸ࠪͨ͠ͱ͖ͷ৞ΈࠐΈը૾ͱ
͢Δ (ը૾ 2)ɽը૾ 1Λ 90౓ճస͠ɼ্ ͔ΒԼʹ૸ࠪͨ͠ͱ͖ͷ৞ΈࠐΈը૾ͱ͢Δ (ը૾ 3)ɽը
૾ 3Λ্Լ൓సͯ͠Լ͔Β্ʹ૸ࠪͨ͠ͱ͖ͷ৞ΈࠐΈը૾ͱ͢Δ (ը૾ 4)ɽը૾ 1∼4ͷ֤ϐΫ
ηϧͷ৭ௐΛฏ͢ۉΔ͜ͱͰ্Լࠨӈʹৼಈ͢Δ࢝ݻඍಈʹΑͬͯൃੜ͢Δ৞ΈࠐΈը૾ͱ͢Δɽ
നઢ෯ͱഎܠ෯͕ 1:3ͷ֨ࢠ͸ඪ४ϋʔϚϯ֨ࢠͱΑ͹Εɼ୅දతͳϋʔϚϯ֨ࢠը૾ͱͯ͋͠
͛ΒΕΔɽͦ͜Ͱɼനઢ෯ͱഎܠ෯ͷൺΛ ఆ͠ɼനઢ෯Λݻʹ1:3 3ɼ5ɼ7ɼ9 mmͱม͑ɼݕࢹࡨ
ग़ΛࢼΈΔɽೖྗը૾ɼ͔ࠨΒӈʹը૾Λ૸ࠪ͠ɼը૾શମΛ૸ࠪͨ͠ͱ͖ͷ৞ΈࠐΈ݁Ռɼಘ
ΒΕͨը૾Λ্Լࠨӈ൓సͯ͠ Βͷ૸ࠪը૾ͱͯ͠଍͠߹Θͤͨ݁ՌΛͦΕͧΕਤ͔޲4ํ 6.4ɼ
















ͨؔ਺͸ΦϦδφϧDOGؔ਺Ͱ͋ΓɼڵฃྖҬ෯ 5 mmɼ཈੍ྖҬ෯ 15 mmʹઃͨ͠ܭ΋ͷΛ
༻͍ͨɽ·ͨɼ৞ΈࠐΈ݁Ռͷ࠷େ஋ɼ࠷খ஋Λಉ༷ʹന (৭ௐ 255)ɼࠇ (৭ௐ 0)ʹม͠׵ɼ৞Έ















ਤ 6.7ɹ IGORʹΑΔDOGؔ਺ͱೖྗը૾ͷ৞ΈࠐΈ݁Ռ.നઢ෯͸ͦΕͧΕ (a) 3 mmɽ(b) 5
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Measured
Digital convolution





















-40 -20 0 20 40
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Digital convolution





















-40 -20 0 20 40
Measured
Digital convolution










Intensity level along a white bar
(d)
ਤ 6.8ɹ 4ຕͷը૾Λ଍͠߹Θͤͨͱ͖ͷ y = 0ʹ͓͚Δ৭ௐͷϓϩϑΝΠϧɽ੺ͷ࣮ઢ͸ଟ஋Խ
DOGϑΟϧλʔͷ৞ΈࠐΈ݁Ռɼࠇͷ࣮ઢ͸ Igro ProʹΑΔ৞ΈࠐΈ݁Ռ͔Βநग़ͨ͠ɽ·ͨɼ































































നઢ෯ 5 mmʹରͯ͠എܠ෯Λ 5 mm(നઢ෯:എܠ෯=1:1)ɼ15 mm(നઢ෯:എܠ෯=1:3)ɼ25
mm(നઢ෯:എܠ෯=1:5)ɼ35 mm(നઢ෯:എܠ෯=1:7)ͱͨ͠ͱ͖ͷࢹࡨΛ͢ূݕΔɽೖྗը૾ɼ
ӈ൓ࠨΈ݁ՌɼಘΒΕͨը૾Λ্ԼࠐΒӈʹը૾Λ૸ࠪ͠ɼը૾શମΛ૸ࠪͨ͠ͱ͖ͷ৞Έ͔ࠨ
సͯ͠ Βͷ૸ࠪը૾ͱͯ͠଍͠߹Θͤͨ݁ՌΛͦΕͧΕਤ͔޲4ํ 6.11ɼਤ 6.12ɼਤ ɽࣔ͢ʹ6.13
(a) (b)
(c) (d)














ਤ 6.14ɹ IGORʹΑΔDOGؔ਺ͱೖྗը૾ͷ৞ΈࠐΈ݁Ռ.ࠇͷഎܠ෯͸ͦΕͧΕ (a) 5 mmɽ
(b) 15 mmɽ(c) 25 mmɽ(d) 35 mmɽ
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ಉ༷ʹ y = 0ʹ͓͚Δ৭ௐϓϩϑΝΠϧΛਤ ɽ·ͨɼ৭ௐϓϩϑΝΠϧͷനઢͷ৭ࣔ͢ʹ6.15
ௐͱަࠩ෦෼ͷ৭ௐͷࠩΛ๮άϥϑͱͯ͠ਤ ɽൺֱ͢Δͱɼଟ஋ԽDOGϑΟϧλʔࣔ͢ʹ6.16
ʹΑΔݕग़݁Ռ͓Αͼɼσδλϧը૾ॲཧʹΑΔ৞ΈࠐΈ݁Ռͱ΋ʹഎܠ෯ 5 mmͰަࠩ෦෼ͷ
෯ܠബ͘ɼͦΕҎ֎Ͱ͸എ͕͞ࠇ 15ɼ25ɼ35 mmͰ͸ಉఔ౓ͷ͞ࠇͰ͋ͬͨɽഎܠ෯͕ 5 mmͱ
ऑ͘ͳΔώτͷ஌֮ͱҰக͕ͯ͠ࢹࡨʹͱ͖͍ڱ෯͕ܠͱ͖ʹަࠩ෦෼͕ബ͘ͳΔͷ͸ɼഎ͍ڱ
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Digital convolution
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Intensity level along a white bar
(d)
ਤ 6.15ɹ 4ຕͷը૾Λ଍͠߹Θͤͨͱ͖ͷ y = 0ʹ͓͚Δ৭ௐͷϓϩϑΝΠϧɽࠇͷഎܠ෯͸ͦ





















































ਤ 6.17ɹGloverʹΑΔڧࢹࡨ౓ͷ࣮݁ݧՌ [56]ɽ֨ࢠΛ 10ɼ25ɼ45౓ճసʹͨ͠ͱ͖ͷࢹࡨͷ
Λ͞ڧ 10ஈ֊ͰධՁ͓ͯ͠Γɼ֨ࢠͷճసʹΑͬͯࢹࡨͷ͞ڧ͸ݮগ͢Δɽ
ଟ஋ԽDOGϑΟϧλʔʹΑΔݕग़






























ਤ 6.21ɹ IGORʹΑΔ DOGؔ਺ͱೖྗը૾ͷ৞ΈࠐΈ݁Ռ.֨ࢠͷճస֯౓͸ͦΕͧΕ (a) 0
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Digital convolution










Intensity level along a white bar
(d)
ਤ 6.22ɹ 4ຕͷը૾Λ଍͠߹Θͤͨͱ͖ͷനઢ্ͷ৭ௐϓϩϑΝΠϧɽ֨ࢠͷճస֯౓͸ͦΕͧ






























































നઢ෯ 5 mmɼനઢ෯ରഎܠ෯ͷൺΛ 1ର ੡ͨ͠ɽҎ࡞ઢΛ௥Ճͨ͠ը૾Λࣼʹࢠ֨ͨ͠ʹ5
Լʹೖྗը૾ɼ͔ࠨΒӈʹը૾Λ૸ࠪ͠ɼը૾શମΛ૸ࠪͨ͠ͱ͖ͷ৞ΈࠐΈ݁ՌɼಘΒΕͨը
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Intensity level along a white bar
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Igor ProΛ༻͍ͯσδλϧը૾ॲཧʹΑΔ৞ΈࠐΈը૾Λ࡞੡ͨ͠ɽy = 0ͷ৭ௐมԽΛਤ 6.37
ʹɼ৭ௐϓϩϑΝΠϧͷനઢͷ৭ௐͱަࠩ෦෼ͷ৭ௐͷࠩΛ๮άϥϑͱͯ͠ਤ ɽਤࣔ͢ʹ6.38 6.38
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Intensity level along a white bar
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ͷԠ౴ಛੑΛൺֱͨ͠ɽ10ࢠ pLΧʔτϦοδΛ༻͍ͯҟͳΔ੒ບ৚݅Ͱ ITOج൘ʹ bRΛ੒ບ
ͨ͠ͱ͜ΖɼϓϥςϯԹ౓ 60ˆɼݒ୙ӷೱ౓ 6.0 mg/mLɼణԼִؒ 55 µmɼుग़ిѹ 30 Vͷ৚
݅ͰίʔώʔϦϯάݱ৅ʹΑΔ bRͷ࠷͕ूڽখͱͳͬͨɽBRΛ ITOج൘ʹ 10 mm×10 mmͷ
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setscale/P X (startpoint),dx, waveX
setscale/P Y (startpoint),dx, waveX
setscale/P X (startpoint),dx, waveX_bin
setscale/P Y (startpoint),dx, waveX_bin
setscale/P X (startpoint),dx, waveX_ori















print "du=", du, "onpeak=", onpeak, "offpeak=", offpeak
































































setscale/P X (startpoint),dx, waveX_1D
make /o/d/n=(n) waveX_ori_1D





















































print "u_max=", u_max, "u_min=", u_min
fwhm=u_max-u_min
oct=(log(u_max/u_min))/(log(2))
print "FWHM=",fwhm, "FWHM (in octaves)=", oct
end*********************************************************************
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